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Abstract
Soil erosion is a major environmental problem in the United States and
worldwide. Eroded soils carry nutrients, pesticides, and some harmful chemicals into
rivers, streams, and ground water resources. No tillage practices can reduce soil
degradation by leaving the soil surface covered with residue and may result in higher
economic returns from increased or stable yields and lower input costs and also improve
environment quality. In this study, probability analysis is used to explore relationships
between no tillage and herbicide-tolerant crops and a geographically weighted regression
(GWR) model is developed to analyze local factors influencing no tillage adoption and
results suggest that different local factors, such as rainfall, temperature, percentage of
highly erodible land, have different effect on the adoption of no tillage production
practice. A time serial logit model is used to quantify the effect of fuel price and
chemical price on the adoption of no tillage and diffusion rate and elasticity of fuel price
and chemical price are determined.
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Chapter 1
Introduction
Agricultural topsoil is a critical resource. It is the primary source of nutrients for
plants. Erosion of topsoil has been recognized as a problem for decades. Recently,
federal mandates have resulted in changes in production practices that help curb erosion.
Conservation Compliance, established in the 1985 Farm Bill with implementation
required in 1991, has resulted in farms with erodible lands having to alter cropping
patterns and tillage practices in order to reduce erosion and receive government
payments. Under the program, farmers who produce crops on highly erodible land
(HEL) and fail to implement an approved conservation plan forfeit eligibility for most
USDA farm program benefits. In 1991, the USDA developed the Crop Residue
Management Action Plan to assist producers with highly erodible cropland in
implementing conservation systems that would meet the requirements by the 1995
deadline. The plan increased the timely delivery of information, provided technical
assistance to help land users who implemented conservation systems, helped producers
better understand the conservation provisions of farm legislation, and assisted them in
maintaining their conservation plans and thus their eligibility for USDA program benefits
(Sandretto, 1997).
A major decision an agricultural producer has to make that has the potential to
impact both the profit level of the farm along with the environment is which tillage
method to use. While there are many different tillage types, the National Resource
Conservation Service divides the tillage practices into three areas-no tillage, reduced
1

tillage, and conventional tillage production practices. The Conservation Technology
Information Center (CTIC) categorizes tillage practices into either conventional or
conservation tillage.
Conservation tillage is any tillage and planting system that covers 30 percent or
more of the soil surface with crop residue, after planting, to reduce soil erosion by water,
where soil erosion by wind is the primary concern, any system that maintains at least
1,000 pounds per acre of flat, small grain residue equivalent on the surface throughout the
critical wind erosion period (CTIC). According to the CTIC, tillage systems that require
30 percent or more cover at planting include:
1. No tillage/strip tillage - The soil is left undisturbed from harvest to planting
except for strips up to 1/3 of the row width (strips may involve only residue
disturbance or may include soil disturbance). Planting or drilling is
accomplished using disc openers, coulter(s), row cleaners, in-row chisels or
rota-tillers. Weed control is accomplished primarily with crop protection
products. Cultivation may be used for emergency weed control. Other
common terms used to describe no tillage include direct seeding, slot planting,
zero- till, row-till, and slot-till.
2. Ridge tillage - The soil is left undisturbed from harvest to planting except for
strips up to 1/3 of the row width. Planting is completed on the ridge and
usually involves the removal of the top of the ridge. Planting is completed
with sweeps, disk openers, coulters, or row cleaners. Residue is left on the
surface between ridges. Weed control is accomplished with crop protection
2

products (frequently banded) and/or cultivation. Ridges are rebuilt during row
cultivation.
3. Mulch tillage- Full-width tillage involving one or more tillage trips which
disturbs the entire soil surface and is done prior to and/or during planting.
Tillage tools such as chisels, field cultivators, disks, sweeps or blades are used.
Weed control is accomplished with crop protection products and/or cultivation.
In addition to these three methods of planting, another popular method is reduced
tillage. To be classified as reduced tillage, between 15 and 30 percent of the residue must
remain on the surface after planting. Reduced tillage is a full-width tillage which
involving one or more tillage trips that disturbs the entire soil surface. This tillage
method is performed prior to and/or during planting. Under reduced tillage production
practices, 15 to 30 percent residue cover remains after planting. Approximately 500 to
1,000 pounds of small grain residue remains on the ground during the critical wind
erosion period. Weed control is accomplished with crop protection products and/or row
cultivation.
Conventional or intensive tillage disturbs the entire soil surface and is performed
prior to and/or during planting. There is less than 15 percent residue cover after planting,
or less than 500 pounds per acre of small grain residue equivalent throughout the critical
wind erosion period. This tillage generally involves plowing or intensive (numerous)
tillage trips. Weed control is accomplished with crop protection products and/or row
cultivation.
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Historic review
Research on conservation tillage with early versions of a chisel plough was started
in the Great Plains in the 1930s, to alleviate the damage caused by wind erosion, after the
occurrence of the famous "dust bowl". Stubble mulch farming was developed in the
Great Plains, as a forerunner of no- tillage.
Edward Faulkner's book "Plowman's Folly", first published in 1943, is probably a
milestone in the changes in agricultural tillage practices. He questioned the wisdom of
plowing. Some of his statements are: 1) "No one has ever advanced a scientific reason
for plowing"; 2) "There is simply no need for plowing in the fist instance. And most of
the operations that customarily follow the plowing are entirely unnecessary, if the land
has not been plowed"; 3) "There is nothing wrong with our soil, except our interference";
and 4) "It can be said with considerable truth that the use of the plow has actually
destroyed the productiveness of our soils" (Faulkner, 1963). The statements were
questioned by both farmers and researchers, because alternatives to plowing at that time
would not allow farmers to control weeds or plant into the residues. According to the
Reader's Digest, "probably no book on agricultural subject has ever prompted so much
discussion in the United States, at the time it was written". Five editions were printed in
the first year of publishing.
As reported by Phillips and Phillips (1984), Klingman discussed no tillage
production practices in the literature in the 1940's. In 1951, K.C. Barrons, J.H. Davidson
and C.D. Fitzgerald of the Dow Chemical Co., reported on the successful application of
no- tillage techniques. M.A. Sprague, in the 1960's, reported on pasture renovation using
4

chemicals as a substitute for tillage.
More intensive research on chemical seedbed preparation started in the United
States in the early sixties. In 1960, experiments were begun in Virginia, killing bluegrass
sod with Paraquat, using Atrazine for residual control and 2,4-D for post-planting
cleanup. These experiments were soon repeated in Ohio, Illinois, and Kentucky (Thomas
and Blevins, 1996, Blevins, et al., 1998).
In 1961 and 1962, demonstration trials were run in several farms in the United
States. These demonstration plots led Harry and Lawrence Young from Herndon,
Kentucky, to apply the new technology on their farm in 1962, and they became one of the
first mechanized farmers in the world to use no- tillage crop production. A metal plate at
the site remembers the date: "First practice of no- tillage crop production in Kentucky
occurred on this farm in 1962. Harry and Lawrence Young of Christian County were
among first in nation to experiment with no- tillage techniques which use herbicides in
providing seed bed in residue stubble. Conserves soil and water, saves time, labor, and
fuel and often produces higher crop yields" (Derspch, 1998).
Harry Young earned his B.S. and M.S. degrees at the University of Kentucky, and
worked for the University before returning to the 500 ha family farm in 1954. He began
experimentation with no- tillage on about 1/ 3 ha in 1962. Soon thousands of visitors
went to his farm to learn about the new technology (Phillips and Young, 1973). Other
farmers joined Harry Young and his brother later and began testing no tillage com
production. At this time machinery manufacturers started developing acceptable no
tillage equipment, and in 1966, Allis Chalmers introduced the fluted coulter no tillage
planter. Because no tillage enabled to sow seeds immediately after harvest, soybeans
5

produced by the no tillage method started to be double- cropped after wheat in 1967
(Phillips and Young, 1973).
Shirley Phillips, one of the pioneer researchers of no tillage in Lexington,
University of Kentucky, wanted to prove that no tillage was not suitable for adequate
crop production. But after seeing the results, he became one of the strongest advocates
and most successful propagators of no- tillage, not only in the US, but abroad as well.
Because of his commitment to the system and his scientific as well as extension and
lecture work, Shirley Phillips can be regarded today as the father of no tillage technology
(Derspch, 1998).
In 1973, Phillips and Young published the book "No Tillage Farming". This
publication was a milestone in no tillage literature, being the first one of its kind in the
world. It led other people to apply and carry out research on the technology and was later
translated into Spanish (Derspch, 1998).
For over 24 years now, the University of Tennessee has conducted no tillage work
on its experiment farms. The research is showcased at Milan, Tennessee in the middle of
July and is known as one of the premier field days held in the United States.

Why adopt no tillage?
No tillage production practices may have several benefits. These benefits include
reduced erosion, reduced chemical runoff, increased carbon sequestration, and increased
profits.

6

Reduced erosion and improved long-term soil productivity
Soil erosion is a major environmental problem in the U.S and worldwide
(Nyakatawa and Reddy, 2001). Eroded soils carry nutrients, pesticides, and some
harmful chemicals into rivers, streams, and ground water resources (Gallaher and Hawf,
1997). In Alabama, soil erosion on cropland averages about 25 tons/ha/year, which can
potentially decrease cotton yields by 440-670 kg/ha if no remedial actions are taken
(Anon, 1991), but the average annual rate of soil regeneration is estimated to be not more
than 247 to 494 kg/ha/year (Derpsch and Moriya,1998). This level is more than the
annual rate of erosion. When soil losses are greater than that regenerated naturally, soil
degradation occurs and decreases crop yield (Figure 1.1). Soil degradation can result in
land either going out of production or requiring additional inputs and investments in
order to maintain high levels of productivity. In the United States, 50 % of fertilizer
requirements are applied to compensate for the losses in soil fertility due to soil
degradation (Derpsch and Moriya, 1998).
Yield
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Figure 1.1 Soil degradation through time in conventional agriculture
Source: International Soil Tillage Research Organization, 1997
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No tillage practices can reduce soil degradation by leaving the soil surface
covered with residue. Moldenhauuer and Langdale(l 995) found that as surface residue
cover approaches 100%, soil erosion approaches zero; with 10% residue cover, soil
erosion is reduced by 30%; and with 50% residue cover, soil erosion reduction is about
83 %. If 60-95% of the soil surface is covered with residue and no tillage practices are
used, erosion is reduced by more than 90%.

Reducing chemical runoff, release of carbon and air pollution
Less intensive tillage reduces the breakdown of crop residue and the loss of soil
organic matter. The less soil is tilled, the more carbon is sequestered in the soil to build
organic matter and maintain long-term productivity (CTIC, 1996). Increased crop
residues and reduced tillage enhance the level of naturally occurring carbon in the soil
and contribute to lower carbon dioxide emission. Surface residues help intercept
nutrients and chemicals and hold them in place until they can be used by the crop or
degrade into harmless components and improve water quality (CTIC, 1996).

Higher economic returns
Comparisons by Economic Research Service (ERS) of conventional tillage
practices to no tillage in com, soybean and winter wheat found that conservation tillage
tends to require more herbicides but less insecticides for each crop (ERS, 2001).
However, this increase may be offset by reduced machinery operation costs, fuel and
labor costs saving.(CTIC, 1996).
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Trends in No Tillage Production Practices
The area under no tillage in the United States experienced steady growth from 5.4
million acres in 1973/ 74 to 11 million acres in 1983/ 84 (Derpsch and Moriya,1998) to
just over 55 million acres in 2002 (Table 1.1). In 1989, 5.1 million acres com and 4.8
million acres of soybeans were planted using no tillage production practices. By 2002,
they increased to 15 million acres and 26 million acres for com and soybeans,
respectively (Figure 1.2). Adoption proportion for no tillage com and soybeans increased
to 19.1% and 34.9%, respectively, in 2002 from around 7% in 1989 (Figure1.2 and 1.3).

Table 1.1 Conservation tillage trends, 1990-2002 (Million of acres)
Tillage System

1990

1992

1998

1996

1994

2000

2002

Million acres
No tillage/Strip
tillage

16.9
(6.0%)

55.3
52.2
47.8
42.9
38.9
28.1
(9.9%) (13.7%) (14.8%) (16.3%) (17.6%) (19.6%)

Ridge tillage

3.0
(1.1%)

3.4
(1.2%)

Mulch tillage

45.0
53.5
57.9
57.5
56.8
57.3
53.3
(19.0%) (20.2%) (20.0%) (19.8%) (19.7%) (18.0%) (16.0%)

Conservation
Tillage
Subtotal

103.1
109.1
109.2
103.8
99.3
88.7
73.2
(36.6%)
(36.7%)
(37.2%)
(35.8%)
(26.1%) (31.4%) (35.0%)

Reduced tillage
(15-30% cover)

74.8
73.2
73.4
71.0
(25.3%) (25.9%) (25.8%) (25.8%)

78.1
(26.2)

64.1
61.3
(20.6%) (22.8%)

Intensive tillage
(<15% cover)

111.6
111.4
120.8
136.7
(48.7%) (42.7%) (39.3%) (38.5%)

106.1
(36.2)

114.3
127.1
(42.7%) (40.6%)

All Planted Acres

281.0

282.9

3.6
(1.3%)

283.9

Source: Conservation Tillage Information Center.
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3.4
(1.2%)

290.2

3.5
(1.2%)

293.4

3.3
(1.1%)

297.5

2.8
(1.0%)

281.4

30.00
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Vl
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Figure 1.2 Adoption acreage of no tillage corn and soybean in the United States
Source: Conservation Tillage Information Center.
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In Tennessee diffusion of no tillage increased from 15.4 percent of cropland acreage
in 1983 to 61 percent in 2002 and has large variation in different counties (Figure 1.4 and
1.5)

Barriers to no tillage practice adoption
Despite potential economic and environmental advantages of conservation tillage
systems, conservation tillage systems are not used on more than 3 7 percent and no tillage
practice are not used on more than 20 percent of U.S. cropland in 2002 (Table 1.1).
Sandretto (1997) found the following factors as barriers to the adoption of
conservation tillage practices:
1. Adoption is the final step in a process that begins with becoming aware, moves
to gaining information, then to trial, and finally to adoption; 1
2. There are particular soils and climatic or cropping situations where conservation
tillage systems have not yet demonstrated that they can consistently produce
viable economic results/ and
3. Limiting factors include the additional management skill requirements and
economic risk involved in changing systems, attitudes and perceptions against
new practices, and, in some cases, institutional constraints.
Some farmers' attitudes against adoption of new technologies, including
conservation tillage, derive from a reluctance to change from methods of production that
1

A number of farmers are in the reduced tillage transition stage between conventional intensive

tillage and conservation tillage, or who are currently trying conservation tillage on part of their land, and
will likely make further change.
2

In these areas, most farmers are waiting for the development of improved systems.
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Adoption proportion of no tillage in 2002
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Figurel.5 Adoption proportion of no tillage in Tennessee counties
Source: Conservation Tillage Information Center
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have proven to be successful in terms of their own experience. The superiority of new
techniques has to be demonstrated to a sufficient extent to offset exposure to the risks
inherent in making a change from traditional methods. The perceived risks are critical
because unusual weather or pest problems may be accepted as a normal occurrence with
traditional methods but may be blamed on the new tillage system if they occur during the
transition period. Consequently, the new technique may be unfairly discredited in the
area for a long time if initial adoption attempts result in failure.
Cultural and institutional factors can also constrain adoption. Some farmers or
even whole communities demonstrate strong preferences for clean tilled fields as a sign
of "good" management. The banker and/or landlord may be reluctant to permit a change
in the way the land is farmed; especially if they perceive more potential risk to crop
yields and net returns during the transition.
Farmers are aware that a series of challenges exist with higher residue levels.
These may include different disease, insect, or weed problems; difficulties with more
residues on the surface in proper seed, fertilizer, and pesticide placement; and, under
certain conditions, particularly cool wet seasons, lower com yields (CTIC, 1996). In
addition, the land must be properly prepared for no tillage (previous compaction and
fertility problems need to be corrected first), and the transition period (two to four years)
can be very difficult as the farmer wrestles with learning how to adapt the new tillage
system to his unique situation, especially if unusual weather or pest problems arise during
the transition, because long-term benefits such as improved soil quality may take four to
seven years to be realized. However, in many situations, innovative farmers have found
13

solutions to most of these problems, or through experience have learned how to reduce
their impact to tolerable levels until more acceptable solutions can be devised.
Farmers often face significant tradeoffs when choosing the most appropriate
tillage system for their conditions. Higher residue systems generally allow less
opportunity to correct mistakes or adjust to changed circumstances once the season is
underway. Conservation tillage practices, with their higher levels of crop residue, usually
require more attention to proper timing and placement of nutrients and pesticides, and in
carrying out tillage operations. Nutrient management can become more complex with
crop residue management because of higher residue levels and reduced options with
regard to method and timing of nutrient applications. No tillage, in particular, can
complicate manure application and may also contribute to nutrient stratification within
the soil profile from repeated surface applications without any mechanical incorporation.
In those cases where nutrients cannot be utilized effectively by plant roots that are deeper
in the soil profile, the problem can usually be corrected by prevalent nutrient deficiencies
prior to the switch to no tillage. With higher residue levels, however, evaporation is
reduced and more water is maintained near the surface, which favors the growth of feeder
roots near the surface where the nutrients are concentrated. But in some instances,
increased application of specific nutrients may be necessary and specialized equipment
required for proper fertilizer placement resulting in higher production costs.
Weed control is a vital step for no tillage adoption. Failure to control weed on no
till results in decreased and lower quality output. Herbicide-tolerant crops play an
important role on weed control. Herbicide-tolerant cotton varieties have been developed
using genetic engineering techniques. Crops carrying herbicide-tolerant genes were
14

developed to survive certain herbicides that previously would have destroyed the crop
along with the targeted weeds. Farmers thus can choose from a broader variety of
herbicides to control weeds (Fernandez-Come and Mcbride 2002). Herbicide-tolerant
cotton varieties provide farmers with effective weed control programs that eliminate
some of the problems associated with conservation programs. Until 1995, cotton farmers
did not have any broadleaf herbicides that could be used over a growing cotton crop
without causing crop injury. Instead, herbicide treatments on cotton required time and
special equipment to control weeds. With the introduction of herbicide-tolerant cotton,
farmers can use broad-spectrum herbicide over the cotton plant with minimal injury to
yields. The induction of herbicide-tolerant cotton varieties has led to a reduction in the
number of herbicide applications made by cotton farmers (Carpenter and Gianessi, 2001).
Thus, farmers that use no tillage practices may benefit if adopting herbicide-tolerant
crops allows them to use a more effective herbicide treatment system (Shoemaker, 2001).

Study 's Objectives
Adoption and diffusion of no tillage production practices can result in sustained
increases in agricultural productivity, contributing to economic growth, ensuring an
abundance of food, and improving the ambient environment. Understanding the adoption
process and factors affecting the adoption continues to be of interest to economists,
sociologists, and policymakers. The thesis has two objectives. The first objective of this
research is to explore the relationships between two technologies --no tillage and
herbicide-tolerant crops. The second objective is to analyze factors affecting adoption of
no tillage practice
15

Chapter 2
Literature review
Factor identification
The technology adoption lifecycle, originally developed in 1957 at Iowa State
College, tracked the purchase patterns of hybrid seed com by farmers. Griliches (1957)
emphasized the differences between the lag in "availability'' due to the time-lag in the
development of adaptable hybrids for specific regions, and the lag in "acceptance"
perceived in the different rates of adoption by farmers, although both can be explained on
the basis of varying profitability of entry. A logistic growth curve was assumed, based
on the graphical analysis of the state data on percentage of hybrid com planted over time.
An S-shaped trend was found.
Five years later, Everett Rogers (1962) used the framework of this model in his
book, Diffusion of Innovations. (http:l/www.hightechstrategies. com/profiles. html).
Later Rogers classified adopters into five different types of psychographic profiles Innovators, Early Adopters, Early Majority, Late Majority, and Laggards3 .
The diffusion process initially begins when innovators adopt the technology. Early
adopters follow; however, it is not until the early majorities adopt the technology that
technology adoption expands at an increasing rate. The adoption proportion tapers off as
the late majorities adopt the technology. At this point, the number of adopters exceeds
3

Psychographic profiles were abstracted from the North Central Rural Sociology Committee,
Subcommittee for the Study of the Diffusion of Farm Practices. The Diffusion Process. Ames: Agriculture
Extension Service, Iowa State College, Special Report No. 1 8, 1 957

16

the number of non-adopters. Finally, the laggards begin to adopt the technology and the
adoption proportion asymptotically approaches its maximum level until the process ends
(Figure 2.1).
Dixon, 1980, Jarvis, 1981; Mahajan and Peterson 1985, Knudson, 1991; Jaffe et al.,
2000 and Fernandez-Come and Mcbride 2002, have extended the diffusion of new
technology. The logistic function (Equation 2.1) is often used to represent the S-shaped
diffusion process for agricultural innovations for its relative simplicity (Jarvis, 1981;
Mahajan and Peterson 1985, Knudson, 1991).
ln[P /(K - P)] = a + f)t

(2.1)

where:
P is adoption proportion of new technology,
� is the slope coefficient and is known as the coefficient of diffusion,

ll d>W
start

repid
Increase
approaches
asymptoticaly
its maximum
level

----Tine ---�-�

Figure 2.1 The S-shaped diffusion curve for new technology
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K is ceiling value, and t is time.
Rogers (1 995) suggested that there are four factors influencing how quickly an
innovation will be adopted. These factors include: the innovation itself, the
communication channels, time, and the nature of the society to whom it is introduced.
The first main element in diffusion of innovation is the innovation itself. An
innovation is an idea, practice, or object that is perceived as new. The characteristics of
an innovation, as perceived by the members of a social system, determine its proportion
of adoption. The characteristics which determine an innovation's proportion of adoption
are: 1 . relative advantage, 2. compatibility, 3 . complexity, 4. trialability, and 5.
observability (Rogers, 1 995). In general, innovations that are perceived by individuals
as having greater relative advantage, compatibility, trialability, observability, and less
complexity will be adopted more rapidly than other innovations.
The second main element in the diffusion of new ideas is the communication
channel. Communication is the process by which participants create and share
information with one another in order to reach a mutual understanding. A
communication channel is the means by which messages get from one individual to
another. Mass media channels are more effective in creating knowledge of innovations,
whereas interpersonal channels are more effective in forming and changing attitudes
toward a new idea, influencing the decision to adopt or reject a new idea. Most
individuals evaluate an innovation, not on the basis of scientific research by experts, but
through the subjective evaluations of near-peers who have adopted the innovation.
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The third main element in the diffusion of new ideas is time. The time dimension
is involved in diffusion in three ways - acquire knowledge, decide to adopt or reject, and
confirm the impacts of the choice. The innovation-decision process is a mental process
through which an individual (or other decision-making unit) passes from gaining
knowledge of an innovation, to forming an attitude toward the innovation, to deciding to
adopt or reject and implementing the new idea, and to confirming the impacts of the
decision. An individual seeks information at various stages in the innovation-decision
process in order to decrease uncertainty about an innovation's expected consequences.
Individuals differ in degree to which they accept the innovation; the degree of diffusion is
reflected in the innovativeness of an individual or other unit of adoption. Innovativeness
is the degree to which an individual or other unit of adoption is relatively early in
adopting new ideas than other members of a social system. There are five adopter
categories, or classifications of the members of a social system on the basis of their
innovativeness: ( 1 ) innovators, (2) early adopters, (3) early majority, (4) late majority,
and (5) laggards. The five adopter classifications follow a normal distribution (Rogers,

1 995) (Figure 2.2).
The rate of adoption is the relative speed with which an innovation is adopted by
members of a social system over a specified time period. The proportion of adoption is
usually measured as the number of members of the system that adopt the innovation over
the total number of members for a specified period of time. An innovation's rate of
adoption is influenced by the five perceived attributes of an innovation.
The social system is the final main element in the diffusion of new ideas. A social
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Figure 2.2 Distribution of five individuals

system is defined as a set of interrelated units that are engaged in joint problem-solving to
accomplish a common goal (Rogers, 1995). Social systems refer to a group/s of people
that an innovation diffuses through and can be split into two categories of norms:
traditional and modem. According to Rogers, traditional norms are characterized by:
(1)

A less developed or complex technology;

(2)

Low levels of literacy and education;

(3)

Little communication between the social system and outsiders;

(4)

Lack of economic rationality; and

(5)

One-dimensional in adapting and viewing others.

Modem norms have different characteristics and are as follows:
(1)

A developed technology with complex jobs;

(2)

Strong importance placed on education;

(3)

Acceptance of free thought and new ideas;

(4)

Strong preparation and high importance on economic considerations; and

(5)

Ability to see and understand other peoples situations.
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Not only does a modem system accept and adapt to the innovation faster and
easier than does a traditional system, but the individuals are more likely to be innovative
in a modem society.
Numerous studies have examined the factors affecting adoption of no tillage
production practices. Bultena and Hoiberg (1983) categorized farmers as early adopters,
later adopters, and non-adopters and compared the characteristics among non-adopters,
early adopters and later adopters. They found that farmers who have adopted no tillage
technologies were typically younger and better educated, farmed larger units, earned
bigger incomes, and less adverse to risk-taking than were non-adopters. They also
farmed units with the greatest potential for erosion (Table 2.1 ).
Patricia and Sandra (1989) used a Tobit model based on individual survey sample
data to examine factors affecting adoption of conservation tillage practice. They found
Table 2.1 Characteristics of early, later and non-adopters of conservation tillage
practices

36

Later
adopter
(N=65)
44

Nonadopter
(N=91)
55

30
489

35
480

21
323

44

39

23

59

53

60

39
3.5

48
3.5

36
3

Early
adopter
Age (average age)
Educational attainment (percent with
Post high school education)
Farm size (average farm size)
Gross farm income( percent with gross
Farm income of over $ 1 00,000.
Tenure status (average percent of all
acres that are owned by the farmers
Perceived erosion problem (percent
defining Erosion on farm as being
medium or large problem
Potential erosion score for cropland
Source: Bultena and Hoiberg
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{N=54)

that age, off-farm job, income, rainfall, soil erodibility, slope length and slope steepness
have a negative impact on adoption of no tillage, while farm size has positive impact on
adoption of no tillage.
Gould et al. (1989) investigated the role of farm and operator characteristics in
conjunction with the perception of soil erosion in understanding the adoption and use of
alternative tillage practices by Wisconsin farmers. Results suggested that younger
farmers operating larger farms were more likely to adopt soil conserving technologies,
and reliable information gathering and dissemination systems could improve the
effectiveness of voluntary adoption programs.
Shields et al. (1993) completed a longitudinal analysis of factors influencing
increased technology adoption in Swaziland maize production. A logistic model was
applied to examine the probability that a maize farmer would increase application rates of
a selected technology over time. Results showed the significant influence of four factors
on maize farmers' decisions to adopt new technology: farmers' ability to mobilize
sufficient labor, the availability of capital, farm size and risk aversion. The lack of cash
reduced the use of hybrid seed and fertilizer.
Uri ( 1997) found a farm that is a cash grain enterprise is about 24 percent more
likely to adopt no tillage than a dairy farm; the slope of cropland is a significant factor
associated with the adoption of no tillage; average rainfall is associated with a small, but
significantly greater likelihood that no tillage is adopted; and no tillage adopters spend
more on fertilizer and pesticides but less on fuel than does the non-adopter.
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Westra and Olson (1997) investigated the adoption of conservation tillage practices
by farmers in two counties in East-Central Minnesota, and found that better quality of
information would enhance producers' willingness to adopt conservation tillage practices,
whereas the degree of support resources available would affect their ability to implement
the practice. Operators of large-sized farms, more concerned about soil erosion issues on
their land, engaged in recent major farm investments, or primarily informed about the
practice by other farmers were more likely to adopt conservation tillage practices. In this
study, farmers' experience was not found to be a significant factor in the adoption
decision.
Soule (2001) investigated the hypothesis that small farmers are better stewards of
land than larger farmers in her analysis of the adoption of six nitrogen management
practices and five soil management practices by U.S. com producers in the 16 major
corns producing states4. A logit model was used to analyze the factors associated with
adopting a technology, based on data from a completed survey in fall, 1996, and a spring
follow-up survey on farms that raised com. The findings of the study suggested an equal
likelihood of all types of farmers adopting soil and nutrient management practices and
did not support the hypothesis of small farmers practicing better land husbandry than
larger farms. College education, cash grain farming and highly erodible land variables
positively affected the adoption of conservation tillage. Owner-operators with fewer

4 Major com producing states include Iowa, Illinois, Indiana, Kansas, Kentucky, Michigan, Minnesota,
Missouri, North Carolina, Nebraska, Ohio, Pennsylvania, South Carolina, South Dakota, Texas, Wisconsin
(Soule, 200 1 ).
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years of fanning experience would be more likely to adopt grassed waterways in areas
with higher precipitation and lower temperatures.
Fernandez-Come and Mcbride (2002) using a simultaneous adoption model for
Herbicide-Tolerant Soybeans and no tillage based on 1997 survey data, found that farm
size, average rainfall and highly erodible land had positive significant impacts on the
adoption of no tillage practices, share-rented has a negative significant impacts. They
also discovered that no tillage had a positive significant impact on adoption of Herbicide
Tolerant soybeans, while farmer age and education have not significant imparts on no
tillage adoption.
In summary, the following factors have been identified in previous work as having
an impact on the adoption of no tillage production practices:
1.

Fann size had positive impact on adoption of no tillage (Westra and Olson,

1997. Norris ,1987 , and Fernandez-Come and Mcbride ,2002) with it also having a
positive impact on adoption of new technology (Shields et al. 1993);
2.

No tillage had an impact on adoption but the commercialization of herbicide

tolerant soybeans did not seem to encourage the adoption of no tillage, at least at the
time of the survey in 1997, which may change as herbicide-tolerant soybeans gain
greater acceptance (Fernandez-Come and Mcbride ,2002);
3.

No tillage adopters spent more on fertilizer and pesticides but less on fuel the

non-adopter( Uri, 1997) and no tillage tends to require more herbicides and less fuel
(CTIC, 1996);
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4.

Rainfall had a positive impact on no tillage adoption (Uri, 1997, Fernandez

Come and Mcbride, 2002). However, Norris and Batie{l 989) show that rainfall has a
negative impact on no tillage adoption;
5.

HEL has a positive impact on adoption of no tillage (Bultena ,1983,Uri ,1996,

Soule ,2001and Fernandez-Come and Mcbride ,2002) but Patricia and Sandra
(1989)showed that HEL had a negative impact on no tillage adoption; and
6.

The natural rate of diffusion, rate of acceptance of the innovation, or rate

coefficient, time, had a significant positive impact on diffusion of new technology
(Griliches, 1957) and measures the rate at which adoption rate increases with time.
Location factors-such as soil fertility, pest infestations, climate, and availability
or access to information-can also influence the profitability of different technologies
across different farms. Heterogeneity of the resource base has been shown to influence
technology adoption and profitability (Green et al., 1996; Thrikawala et al., 1999). Also,
the source of vendors for technologies may vary spatially, as well as the perceived need
for the technology.
Finally, better quality of information would enhance producers' willingness to
adopt conservation tillage practices (Westra and Olson, 1997). Information and advice
from peers often carries more weight in an adoption decision than technical specifications
or product documentation (Rogers, 1995). Therefore, in this case, information from
cropland farmers can be assumed to have a positive impact on adoption of no tillage.
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Empirical models on Technology adoption
Diffusion model
The first econometric study of aggregate adoption over time was conducted by
Griliches (1957), who introduced economic variables to explain the diffusion of hybrid
com in the United States. Griliches defines the S-shaped curve as a function with respect
to time (t) P

= K(exp(a + bt)
. Where P is the percentage planted with hybrid seed, t is
1 + exp(a + bt)

time variable, and K is the ceiling value.
After Griliches study, many studies, (Dixon, 1980, Jarvis, 1981; Mahajan and
Peterson 1985, Knudson, 1991; Karshenas and Stoneman, 1992, Jaffe et al., 2000 and
Fernandez-Come and Mcbride 2002), have extended the diffusion of new technology.
Diffusion curves are based on the notion that the current adoption rate is a function of the
ultimate adoption level and the current adoption level:

8P(t) / 8t = f(K, P, t)

(2 .2)

where:
P is the proportion of the total population that have adopted the innovation at time
(t) ,

K is the long run upper limit on adoption (ceiling value), and
dP(t)/dt is the rate of diffusion at time (t).
Both K and P are often expressed as a percentage of adopting units (usually
percent of firms, although in agriculture the percentage often refers to acreage under
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adoption, e.g., Knudson, 1991). As Griliches observed the functional form for the
diffusion curve is somewhat arbitrary. The logistic function is often used to represent the
S-shaped (sigmoid) diffusion process for agricultural innovations for its relative
simplicity (Griliches, 1957; Jarvis, 1981; Knudson, 1991; Karshenas and Stoneman,
1992). Other S-shaped functions used include the cumulative normal and the Gompertz
model (Dixon, 1980). However, as Mahajan and Peterson (1985) observe, any unimodal
distribution function will generate a (cumulative) S-shaped curve.
It is common to assume that the rate of diffusion dP(t)/dt is proportional to the
difference K-P. In this case, the so-called "fundamental diffusion model" is obtained and
can be expressed as follows (Mahajan and Peterson, 1985):
oP(t) / ot = g(t)[K - P(t)]

(2.3)

where:
g(t) is called the coefficient of diffusion, and
the other variables have been previously defined.
In this model, as the adoption level increases and gets closer to the ceiling K, the
diffusion rate decreases. If g(t) is assumed to be constant, the resulting model is called
the "external diffusion" model. If g(t)= �P(t) the model is referred to as the "internal
influence" model (Mahajan and Peterson, 1985), also known as the "contagion" or
"epidemic" model in biology (Jaffe et al., 2000) in which the innovation spreads in a
manner analogous to a disease. It is common to use the internal influence model in
agricultural innovations. In this case, equation 2.2 explicitly becomes:
oP(t) / ot = PP(t)[K - P(t)]

(2.4)
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Integrating equation 2.4, we obtain the logistic,
(2.5)

P = K /[1 + e(-a - Pt)]

Making a log-linear (or logit) algebraic transformation of the equation 2.5, we obtain the
equation
(2.6)

In[P /(K - P)] = a + Pt

The slope parameter (P) termed the natural rate of diffusion, rate of acceptance of
the innovation, or rate coefficient (Griliches, 1957), measures the rate at which adoption
P increases with time. The parameter ( a) is a constant of integration related to the extent
of adoption at time 0, since at t=O, P l(K - P) . The ceiling (K) is the long run upper
limit on adoption. Technically, the diffusion rate, BP(t) I at , approaches zero as P
approaches K (equation 2.4) and BP(t) I Bt =P(K-P)P. It is clearly, when adoption rate (P)
is less than half of ceiling value (K), the diffusion rate will be increasing when adoption
rate goes up, and then will be decreasing after adoption proportion more than half of
ceiling value (K). The logistic curve (Equation 2.5) is symmetric around the inflection
point (corresponding to the maximum adoption proportion) at 50 percent of the ceiling
level.

Logit model
Studies of the adoption of agricultural technologies typically use the binomial
(adopt the technology or not) or multinomial (adopt one of several technologies)
approach using either a latent variable or random utility argument (Fernandez-Come and
Mcbride (2002).). In the binomial logit model, G.S Maddala (1992) assumed that there is
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an unobserved latent variable (Y*), which stands for expected utility from the technology
choice, and assumed the following regression model:
2.8
Where:
Y ; * is not observed. What we observe is dummy variable Y; defined by
Y; = 1

if Y ,. *> 0

Y; = 0

otherwise

� i is an estimated coefficient of j-th factor;
x i.j is a set of explanatory variables which influence the latent variable Y;
E;

is error in individual (i)

Based on the equation 2.8, a probability function was calculated

(2.9)
Where:
P is a probability function, and
F is a cumulative distribution function.
In equation 2.9, the distribution of F depends on the distribution of the random
term (e). If e has a logistic distribution then a logit model is to be employed as presented
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in equation 2.10 (Maddala 1992).
exp(X/3)
P(Y,' = 1) = F(X/3) =
1 + exp( X/3)

(2.10)

Equation 2.11 can be obtained by making a log-linear algebraic transformation of
equation 2.10.
LnP( Y; = 1) /[(1 - P( Y; = 1)] = /30 +

L f)ix

ij

+e

(2.11)

The binary logit model was often used to estimate the factors associated with
adopting a technology. Davis and Gillespie (2000) examined technology adoption in
U.S. hog production, and Soule (2001) use a logit adoption model with data on 941 U.S.
com producers from the 1996 Agricultural Resource Management Study to analyze the
influence of land tenure on the adoption of conservation practices.

Spatial analysis
Spatial analysis is the process of extracting or creating new information about a
set of geographic features. Spatial analysis is useful for evaluating suitability and
capability, for estimating and predicting, and for interpreting and understanding of
relationships between geographic features and technology adoption. As indicated above,
a logit model was often used to analyze the factors associated with adopting a
technology. Spatial analysis has also been used to estimate a logit model (Wear and
Bolstad, 1998).
In traditional spatial regression, there are two major problems: spatial dependency
(or spatial association) and spatial non-stationary (or spatial heterogeneity). Spatial
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dependency refers to the tendency for observations that are closer in geo-space to be
more closely related the observations that are spatially distant. In traditional global
regression analysis, if spatial dependency is present in the data, regression parameter
estimates are not efficient and significance tests are unreliable in the presence of spatial
autocorrelation (Anselin and Griffith 1998). Capturing spatial dependency in regression
not only corrects the statistical problems mentioned above but can also extract additional
information. Techniques for capturing spatial dependency in regression have been
available for approximately two decades; these include spatial auto- regression and mixed
regression-spatial auto-regression models (Anselin 1988, 1990; Bivand 1984). Although
useful, a problem is that these techniques still assume spatial stationary. Spatial non
stationary (heterogeneity) stems from an intrinsic degree of uniqueness of every location.
Thus, this spatial stationary results in the estimated parameters of a spatial model being
inadequate descriptors of the process at any given location due to parameter drift across
space (Anselin, Dodson and Hudak 1993 ; Fotheringham, Charlton and Brunsdon 1996,
1997; Fotheringham and Rogerson 1993).
Geographically Weighted Regression (GWR) captures both spatial dependency
and spatial heterogeneity in regression analysis and allows local relationships to be
measured and mapped. In this case, we consider the regression model.
(2. 1 3 )

or
Y = X P +e
Where:
Y is a vector of dependant variables,
31

X is a vector of independent variables,
� is a vector of estimated parameters , and
e is a vector of error terms.
The essence of geographically weighted regression is that it allows different
relationships between the dependent and independent variables to exist at different points
in space by an extension of the traditional regression framework to allow local rather than
global parameters to be estimated so that the model is rewritten as:
y ; =� 0 (u ; ,v ; )+l: � k (u ; , v ; )x ik +e ;
or

(2.14)

Y= (� ® X)l+ e

Where:
(u ; , v ; ) denotes the coordinates of ith point in space;
�k

(u ; ,v ; ) is a realization of the continuous function � k (u, v) at point I;

® is a logical multiplication operator in which each element of � is multiplied by
the corresponding element of X. and both � and X have dimensions n x (k+1).
1 is a (k+1) x 1 vector of l s.
Thus the matrix � now consists of n sets of local parameters and has the following
structure:

Po (u n , v n ) ............pk (u n , vn )

n x (k+1) matrix
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and at point i, parameter � ; can be estimated by

p (i)=(X T W(i) X ) -1

X T W(i)Y

(2.15)

W(i) is an n by n spatial weighting matrix whose off-diagonal elements are zero and
whose diagonal elements denote the geographical weighting of each the n observed data
for regression point i.
W;1 . . . . . . . . . . . . . . Q

W(i)=

O .......wii ..... O

o ...............win
n x n matrix
The weight (W(i)) can be represented by Gaussian functions (2.16) or bi-square function
(2.17)
w q =exp[-1/2(d ii /b) 2 ] (Gaussian function)
or w q = [l-(d q lb)

2

]

2

(bi-square function)

(2.16)
(2.17)

Where
w ii is weight of data point (j) at regression point (i)
d ii is the distance between regression point (i) and data point U).
b is the bandwidth5 measured in distance units.
Bandwidth is a smoothing parameter, with greater smoothing caused by larger
bandwidths. If a model is oversmoothed, parameters similar in value across the study
5 The bandwidth is a measure of the distance-decay in the weighting function and indicates the extent

to which the resulting local calibration results are smoothed.
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area are produced and if the model is undersmoothed parameters with to much local
variation will occur. If the model is undersmoothed, it will be difficult to determine
whether any patterns exist. The 'best' bandwidth is that which provides a happy medium
between these two extremes.
In practice, the results of GWR are relatively insensitive to the choice of
weighting function as long as it is a continuous distance-based function but they are
sensitive to the choice of the bandwidth of particular weighting function (Fotheringham,
Brunsdon and Charlton 2002). The choice of bandwidth has a large impact on the results
obtained from GWR. The "best" bandwidth is the bandwidth that minimizes the Akaike
Information Criterion (AIC6) (Fotheringham, Brunsdon and Charlton 2002).
GWR also supports comparisons of locally-varying parameter estimates with
global estimates to assess whether GWR explains more of the data variance than the
traditional global approach. A statistical test is also available for assessing whether the
parameter drift is significant across space. The analyst can find other independent
variables that display similar spatial patterns to the parameter drift and enter these into
the GWR equation in a stepwise manner and retain these variables if they significantly
reduce the drift. As mentioned above, this can lead to more parsimonious and powerful
models (Brunsdon, Fotheringham and Charlton 1996; Fotheringham, Charlton and
Brunsdon, 1997).
Despite GWR being a relatively new technique, a number of empirical
6

AIC can be concluded by
AIC = 2n ln(cr') + n ln{21t} + n[n+ Tr(S)] / [n - 2 - Tr(S)]
where n is the number of data points, cr' is the estimated standard deviation of the error term, and Tr(S)
is the trace of the hat matrix and y' = Sy
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applications have already appeared. For instance, Fotheringham et al. 1998 examine
spatial variations in the relationship between morbidity and socioeconomic characteristics
of areas and find that there are significant spatial variations in the determinants of ill
health across northeastern England, and Fotheringham et al. 2001 use GWR to investigate
spatial non-stationary in the determinants of school performance across 3678 schools in
northern England.
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Chapter 3
Methodology
Three different types of tools are used to examine the two objectives included in
this analysis. The first method, probability analysis, will be used to address the first
objective -- to explore the relationships between two technologies --no tillage and
herbicide-tolerant crops. The other two methods evaluate the second objective to analyze
factors affecting adoption of no tillage practice.

Probability analysis
A conditional probability is defined as the probability of an event given that
another event has occurred, the probability that event B occurs, given that event A has
already occurred is stated mathematically that
P (BIA) = P (A and B) / P (A)

(3 . 1)

Where:
P (BIA) is the probability that event B occurs, given that event A has
already occurred;
P(A and B) is the probability that event A and event B occur together;
and
P(A) is the probability that event A occurs.
By employing Bayes' Rule, a posterior probability can be estimated using the
conditional probability (equation 3 .2).
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p (BIA) =

P(B)P(A I B)
P(B)P(A I B) + P(B)P(A I B)

(3.2)

Where:
P (B) is the probability that event B occurs;
P (AIB) is the probability that event A occurs, given that event B has already

occurred ;
P ( iJ ) is the probability that event B does not occur;
P (Al iJ ) is the probability that event A occurs, given that event B has

not occurred;
and the other variables have been previously defined.
According to Bayes' probability rule, the posterior probability is

p (AIB) =

P(A)P(B I A)

P(A)P(B I A) + P(A)P(B I A)

(3 .3)

Using the Bayes' rule to explore the relationship between the adoption of no
tillage production practices and herbicide tolerant crops, the probability that farmers
adopt herbicide-tolerant crops can be determined, given that farmers have already
adopted no tillage production practices P (HIN), where P (H) represents the probability of
farmers adopting the herbicide-tolerant crop and P (N) is the probability of farmers
adopting no tillage production practices. The conditional probability (P (HI N )) is the
probability that farmers adopt herbicide-tolerant crop, given that farmers have not
adopted no tillage practice. From equations 3.2 and 3.3, a Bayes probability equation can
be developed as
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p (HIN) =

) __
H_
(N_I_
P_
_)_
(H
P_
___
P(H)P(N I H) + P(H)P(N I H)

And P (HI N ) =

H_
) __
P_
_)_
(N_I_
(H
___P_
P(H)P(N I H) + P(H)P(N I H)

(3.4)

(3 .5)

If the two conditional probabilities are the same, the adoption of no tillage
practice did not impact on the adoption of herbicide-tolerant crop. If the first conditional
probability is greater than the second one, the farmers who have adopted no tillage
production practices have a higher probability that they will adopt herbicide-tolerant crop
. than did farmers who have not adopted no tillage practice
According to the Bayes probability rule, the posterior probability P (NIH) that
farmers who have adopted a herbicide-tolerant crop adopt a no tillage practice and P
(NI H ) that farmers who have not adopted a herbicide-tolerant crop adopt a no tillage
practice can be calculated by
p (NIH)

And

P(N)P(H I N)
P(N)P(H I N) + P(N)P(H I N)

P (NI H )

= ---P_
(N
_)_
P(_
H_I_
N_
) __
P(N)P(H I N) + P(N)P(H I N)

(3 .6)

(3 .7)

These conditional probabilities provide a means of comparing the relationships
between adoption of no tillage and herbicide tolerant crops.
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Identification offactors impacting no tillage adoption
As indicated in chapter 1 and 2, the adoption of no tillage production practices is
likely affected by conservation policy, HT crops, farm size, slope of cropland, fuel price,
chemical price, HEL, time, and location factors such as climate, and availability or access
to information. The adoption of no tillage is assumed to be a function of these variables.
P =F (CP, HT, FS, SC, FP, CP, HEL, T, RF, TEMP, PF)

(3.8)

Where:
P is proportion of acres planted using no tillage production practices;
CP represents conservation policy;
HT is planted acres of Herbicide-tolerant crop;
FS is farm size;
SC is average cropland slope;
FP is fuel price in dollars per gallon;
CPI is a chemical price index;
RF is rainfall in acre inches per some period of time;
TEMP is the average temperature in degrees per period of time; and
PF is population of farmers.
Since some factors vary by spatial difference and others vary by time, two models
- one with placing an emphasis on spatial variables (variables that do not change much
over time, but do change spatially over the study area.) and time were developed to
analyze factors influencing the adoption of no tillage.
In spatial analysis, conservation policy, fuel price, chemical price and time don't
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change much in a year time frame nor do they vary much between counties located in
Tennessee. Thus, the variables is assumed to be a constant in spatial model so that we
can rewrite equation 3.8 for a spatial serial model as
P =F (HT, FS, SC, HEL, RF, TEMP, PF and C)

(3.9)

Where:
C is the constant, and the other variables have been previously defined.
Similarly, in time or diffusion analysis, farm size, the slope of cropland, rainfall,
temperature and population of farmers do not vary much and thus, the variables can be
assumed as a constant in the time series model. Equation 3.8 can be rewritten for the
time series model:
P =F (CP, HT, HEL, FP, CPI, T and C)

(3.10)

Where:
The variables have been previously defined.

Spatial analysis
In the past, a logit model was often employed to analyze the factors associated
with adopting a technology, such as Davis and Gillespie (2000) when they examined
technology adoption in U.S. hog production and Soule (200 1 ) who used a logit adoption
model to analyze the influence of land tenure on the adoption of conservation practices.
These modeling efforts typically used panel data drawn from a sample of agricultural
producers. Resources were not available to conduct survey work; therefore, a spatial
logit model was developed to represent the relationships between adoption of no tillage
and the other factors found in secondary sources. The logit model takes the form of:
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Ln [P/(1- P)]=a.+ � 1 RF +� 2 TEMP+ � 3 HEL +� 4 PF + � s FS + e (3.11)
Where:
P is adoption proportion of no tillage,
RF is rainfall,
TEMP is temperature,
HEL is percentage of high erodible land,
PF is farmer population, and
FS is average farm size.
The equation (3 .11) is a traditional global regression. In the global regression,
however, there are two major problems: spatial dependency (or spatial association) and
spatial non-stationary (or spatial heterogeneity). As indicated in Chapter 2, GWR
captures both spatial dependency and spatial heterogeneity in regression analysis and
allows local relationships to be measured and mapped. The GWR takes the form of:

(3 . 1 2)

and parameter P ; can be estimated by

p (i)=(X T W(i) X ) -1

X T W(i)Y
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(3.13)

Time series analysis
A time series logit model was also developed to represent the relationships
between the adoption of no tillage and the time factors.
Ln [P/(1- P)]=a+ P 1 T +p 2 RFP +p 3 RCP+ e

(3. 14)

Where T is time and set 1983= 1;
RFP is real fuel prices, and
RCP is real price index of chemicals.
In this model, the diffusion rate, 8P(t) / at , can be calculated by

ap

ar

= P1

Exp(XP)
= P 1 P (l-P}
(l + Exp (XP) 2

(3. 15)

To estimate the percentage change in adoption proportion of no tillage that result
from a 1% change in fuel prices and chemical prices, the elasticity of fuel prices and
chemical prices on adoption proportion can be calculated by
8P RFP
E RFP = -- x - = P2 RFP(I - P)
8RFP p

(3.16)

8P
RCP
E RcP = -- x -- = P3 RCP(l - P)
8RCP
P

(3. 17)

Using equations 3. 16 and 3. 17 provides information on the change in elasticties
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for fuel and chemical price over time. As the adoption proportion (P) increases, the
elasticity of either chemical or fuel prices decreases.
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Chapter 4
Application and Result
Objective one
Information on cotton acreage planted using conventional seed or herbicide
tolerant seed along with information on the amount of that seed planted using either no
tillage production practices or other production methods were collected from Doane
Agrotrak (Table 4.1). Looking down the column on Table 4.1, 9 % of the Tennessee
Cotton farmers adopted HT 'Crops in 1998, 10 percent adopted no tillage production
practices, 5 percent adopted both herbicide and no tillage production practices, and
another 5 percent adopted no till without adopting HT. Data are shown from 1998
through the year 2002.
Using equations 3.4 and 3.5 and information presented in Table 4.1, the
probability that farmers adopt the HT crop given that they adopted no tillage practice (P
(HIN)) and had not adopted no tillage practice (P (HI N )) could be determined (Table4.2).
The probability of herbicide-tolerant crops on no tillage farm (P (HIN)) is greater

Table 4.1 Adoption of HT cotton and no tillage from1 998 to 2002

1998
0.09
0.10

1999
0.68
0.47

2000
0.84
0.51

2001
0.93
0.72

2002
0.96
0.67

0.05

0.38

0.49

0.71

0.66

Pct-P( H IN)
0.05
Source: Doane Agrotrak

0.09

0.02

0.01

0.01

HT Pct ---P(H)
No-tll Pct---P(N)
HT No tillage Pct-P(HN)
Non-HT No tillage
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Table 4.2 Relationship between HT crop and no tillage

P(HIN)
P(HI N )
P(NIH)

P(NI H}

1998
0.50

1999
0.81

2000 2001 2002
0.96 0.99 0.99

0.04
0.56
0.05

0.56
0.56
0.28

0.71
0.58
0. 12

0.78
0.76
0. 1 4

0.90
0.69
0.25

than the adoption percentage of non-no tillage farms (P (HI N )) over time. Farmers
who have adopted no tillage techniques have a higher probability to adopt herbicide
tolerant cotton or diffusion of herbicide-tolerant cotton in no tillage farm is faster
that on non no tillage farm.
Using equation 3.6 and 3 .7 and the data in Table 4.1, the posterior probabilities
that farmers adopt no tillage practice given that they adopted HT crop (P(NIH)) and
that farmers adopt no tillage practice given that they had not adopted HT crop
(P(NI H )) are determined (Table 4.2) and show that probability that farmers adopt no
tillage on HT cropland(P(NIH))are greater than probability that farmers adopt no
tillage on non-HT cropland(P(NI H)). Those suggest that farmers who have adopted
herbicide-tolerant crops have a higher probability to adopt no tillage practice than
did farmers who have not adopted the herbicide-tolerant crop.

Objective two
As indicated in chapter 3, the factors affecting the adoption of no tillage
production practices are identified using a spatial model (Equation 3 .11) and a time series
model. These two models provide information on factors that impact the adoption of no
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tillage production practices.
In both models the dependant variable is the proportion of acres in no tillage
production practices. Information on acres in no tillage production practices and total
cropped acres are from Conservation Technology Information Center. Dividing the no
tillage acres by total cropped acres provided the information for the dependant variable in
both the spatial models. For the time series analysis, the proportion of acres for the
period 1983 through 2001 on no tillage production practices is determined by talcing data
from the Tennessee Agriculture Statistic Service (various issues, 1986-2003).
In the spatial models, the independent variables include rainfall (RF), highly
erodible land (HEL), farmer population (PF), temperature on January (TEMP), and farm
size (FS). Tennessee county data are used. The farm population served as a proxy
variable for farmer population and was estimated by dividing total cropland by average
farm size. Average farm size for each county is taken from the 1997 Agricultural Census
(NASS, 1999). Rainfall data were collected from Tennessee Department of Economic
and Community Development's web site (accessed in June 2004). The proportion of
HEL in each county is estimated by dividing total cropland area (Conservation
Technology Information Center, 2002) by the amount of highly erodible cropland for
each county (Crop Residue Management Survey, 1998). Average January County
Temperature data was selected to represent regional temperature differences and were
based on the Area Resource File (ARF). Independent variable maps for each county are
displayed in Appendix A, Figures A. 1 through A.5. Variable definitions are summarized
in Table 4.3.
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Table 4.3 Definitions of variables-spatial serial model

Variable
FS
Rainfall
FMP
PHEL
TEMP

Definitions of variables-Adoption of no tillage
Description

Adoption proportion of no tillage
Average Farm Size in 1997
Annual Average Rainfall
Farm Population
Percentage of Highly Erodible Land from 1998 survey
Mean Temperature for January, 1941-70

An initial analysis was conducted to determine whether spatial characteristics are
significant in determining the likelihood of farmer adopting no tillage production
practices. To do this, two logit models (Equation 3.11 and 3.12) having the same
independent variables are estimated using two methods- global regression and GWR
regression. Cross sectional Tennessee county level 2002 data on rainfall, temperature,
proportion of highly erodible land to total cropland, the farm population, and farm size
were used in model estimation through GWR software.
Output from the analysis included the traditional global regression, the choice of
bandwidth, and ANOVE test. The ANOVE test will provide evidence on whether
capturing spatial dependency and spatial heterogeneity in regression analysis is
important. This is done using the F value which will indicate that one model is preferred
to the other. In this case, a high F value will indicate GWR is preferred over Global
regression. These results are presented in Table 4.4, Table 4.5, and Table 4.6,
respectively.
The results from the global regression model show that farm sizes, rainfall, the
farm population, and temperature in January have positive significant impacts on
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Table 4.4 Parameter estimate for global regression model

Parameter
estimate
Variable
-11.56
Intercept
0.00186
FS ***
Rainfall ***
0.054
0.004
FMP ***
-1.74
PHEL **
0.199
TEMP ***
F-Value =8.96
R-square=0.44
* is significant on 10% level
** is significant on 5% level
••• is significant on 1 % level

standard error

2.35
0.00068
0.020
0.00084
0.81
0.081
Pr>F : <0.001

t value
-4.9
2.74
2.69
4.83
-2.14
3.707
N=92

Pr> It!
<0.0001
0.01
0.01
<0.0001
0.03
0.004

Table 4.5 Bandwidth test table

Bandwidth

AIC

0.504696262

255.1121537

0.771221325

242.0102393

1.037746388

234.2355639

1.202467935

230.785012

1.304271451

229.0921675

1.367189484

228.2385649

1.406074967

227. 7848214

1.430107517

227.5315157

Convergence after

8

function calls

Convergence: Bandwidth= 1.43011

Table 4.6 ANOVE comparing GWR to the global regression model

OLS

GWR
GWR

Source
Residuals
Improvement
Residuals

ANOVA
ss DF
57.3 6
9.9 7.57
47.3 78.43
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MS

F

R2

1.3133
0.6037

2.1754

0.54

0.44

adoption for no tillage while the percentage of HEL has a negative significant impact. In
other words, the greater the proportion of HEL, the less no tillage production practices.
As farm number and/or farm size in a county increases, the higher the probability that a
farmer will adopt no tillage production practices. Farmers in a county with higher
rainfall and temperature have a higher possibility in adopting no tillage production
practices.
In the global regression, each variable is significant at the 5 percent level as
indicated by the t-values. An F-value of 8.96, suggests that we reject the null hypothesis
that all coefficients are equal to zero. The R 2 value7 for the global regression is 0.44
indicating that the global model leaves 54 percent of variation in the adoption proportion
unexplained. As indicated in Fotherinham, Brunsdon, and Charlton, (2002), some of this
unexplained variation could result from assuming the relationships in the model are
constant over space - that is, a homogeneous process is assumed to be operating when it
might be heterogeneous.
To use GWR, a bandwidth must be selected. This bandwidth in this study is
determined using the minimized AIC method as indicated in Fotherinham, Brunsdon, and
Charlton, (2002) {Table 4.5). In this table, the best bandwidth (1.430) is the bandwidth
with minimum AIC (227.53).
The first thing one must do is to determine whether GWR provides a superior
model to one developed using global regression. The global regression model is
compared with the GWR model in an ANOVE test presented in Table 4.6. The ANOVE
2
2
The R is from Ordinary Least Squares (OLS) Linear Regression and R =1-RSS/fSS
Where RSS is residual sum of squares, TSS is total sum of squares. In this case, the dependent variable is
logistic form of the adoption proportion.
7
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tests the null hypothesis that the GWR model represents no improvement over the global
model. The F -value equals 2.17 for degrees of freedom8 (7.58, 78.43) suggests that we
can reject the null hypothesis. GWR model also improves R 2 value from 0.44 to 0.53
which results in reducing the residual (Table 4.6). Talcing into account spatial aspects
results in a better model capable of evaluating factors or characteristics that impact the
probability of adopting no tillage production practices.
Instead of producing a single global average parameter estimate for each
relationship, GWR produces a set of local parameter estimates that can be mapped.
Using GWR, we not only obtain local parameter estimates, but also t-values for each
estimate. Each county has a different estimated parameter. With 95 counties and 5
variables, nearly 500 parameters are estimated. It would be impossible to discuss each of
these parameters. However, the significance of each independent variable is important
to consider and can be discussed using GIS technology. Finally, the estimated
parameters will be used to provide a map showing the likelihood that a county will adopt
no tillage technology.
The coefficients of the independent variables only show the direction of causality.
The marginal effects of the independent variables depend on both estimated coefficients
and adoption proportion. The T-value tests the null hypothesis that estimated local
parameters are equal to zero. These T-values are useful, in a purely exploratory role, to

8

1
n

T

1
n

T

The degree of freedom for F test equal to tr (- B (I - - J)B and n-2tr(S)-tr(S S) where n is the

number of data points, p = BY , I is the n by n identity matrix, J is n by n matrix whose elements are all equal
to 1 and Tr{S) is the trace of the hat matrix and y' = Sy
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highlight parts of the map where interesting relationships appear to be occurring. These
T-value maps for each county are displayed for each of the independent variables in
Appendix A, Figures A.6 through A.10.
The T-values for farm size (Figure A.6) suggest that farm size significantly
affects the adoption of no tillage production practices in middle Tennessee and west
Tennessee, but in East Tennessee this variable is not significant. Average farm size in
middle and west Tennessee counties is larger than in east Tennessee (Figure A.1) which
may play a role in explaining why average farm size is significant in West and middle
Tennessee, but not in the eastern counties.
The T-values for rainfall parameter estimates (Figure A. 7) suggest that rainfall
has significant impacts on adoption of no tillage in East Tennessee, but not in middle
Tennessee and west Tennessee. There are two potential explanations for this finding.
The first is connected to topography. The topography in east Tennessee is much more
sloped than in middle and west Tennessee. Leaving residue on the fields reduces water
runoff and hence erosion. Therefore, no tillage production practices are more likely to be
adopted in areas that are more sloped. Secondly, more rainfall implies less time to do
field work. Therefore, the higher the rainfall, the more motivated a farmer will be to
adopt no tillage production practices in order to be more time efficient.
Based on the spatial analysis, the T-value for HEL (Figure A.8) suggests that the
HEL has a significant and negative impact on the adoption of no tillage in middle
Tennessee and west Tennessee, but not in East Tennessee. This may be a result of
current active government programs -- Conservation Compliance and Conservation
Reserve. Both Conservation Compliance and The Conservation Reserve programs have
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removed highly erodible land from row crop production. In order to qualify for the
Conservation Reserve Program, the land parcel must contain 2/3 highly erodible land.
This would decrease the need for no tillage production practices as a result of HEL
removal from the croplands that are planted. In order to participate in government
commodity programs, a farmer submitted conservation plans if he farmed highly erodible
land. These conservation plans may have resulted in farmers switching their erodible
lands into small grains and hay which do not require no tillage production practices.
Based on the estimated T -value for different counties in Tennessee, we can reject
null hypothesis that the farm population does not significantly impact the adoption of no
tillage production practices in portions of east Tennessee; however, this is not rejected in
middle Tennessee and west Tennessee (Figure A.9). Since there are more farms in
middle and west Tennessee when compared to east Tennessee (Figure A.4), it is likely
that more communication between farmers results in faster diffusion in this region.
The T-value for temperature (Figure A.10) suggests that the null hypothesis that
temperature has no significant impacts on adoption of no tillage can be rejected for most
areas in East Tennessee, but not in middle and west Tennessee. The temperature for
January may be a good proxy variable for production practices in middle and west
Tennessee as farmers in west and middle Tennessee are generally in the fields sooner
than farmers in East Tennessee.
Using the estimated coefficients and regression data, the model was used to
project the adoption proportion for each county. Estimates from this model indicate that
the estimated adoption for each county (Figure A.11) is similar to actual adoption map
(Figure 1.5). However, the model overestimates and underestimates the proportions
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some Tennessee counties by more than 0.2(Figure A. 12).
While some variables differ by locale, others vary over time. Economic variables,
such as prices, are typically very similar in any given time period. To explore the impact
costs of production has on the likelihood of adopting no tillage production practices; a
logit model is estimated as represented in equation 3 . 1 4. To estimate this model, data
were collected over the 1 983-200 1 time period for three variables. Acres using no tillage
production practices in Tennessee are divided by total cropland and serves as the
dependant variable (TASS, various issues). The independent variables include fuel price
(IOWA DNR Energy Bureau Gas Monitors Survey) divided by October 1 Gross
Domestic Product (GDP) deflator (October 2001=1) (BEA, 2003) to obtain the real fuel
price, an average annual chemical price index ( 1 997= 100) is estimated by averaging the
monthly values provided at the economagic website (http://www.economagic.com/em
cgi/data.exe/frbgl 7/B5 1 2 1 3 ipsa#Data) and divided by the previously discussed GDP
deflator to obtain real chemical price. Time is set equal to 1 for 1 983 (Table 4. 7).
Variable definitions and parameter estimates using equation 3 . 14 are displayed in
Table 4.8 and Table 4.9. The results presented in Table 4.9 show that fuel price has a
positive impact on adoption of no tillage, as expected, because no tillage production
practices use less fuel than other tillage methods. Therefore, higher fuel prices provide
the necessary incentive to adopt no tillage production practices. Time also has a positive
impact on the adoption, as expected, because potential adopters gain more and more
information over time so that part of them would make the decision to adopt. As
expected, chemical prices are negatively related to adoption of no tillage because no
tillage practice requires more chemicals for weed control. Therefore, an increase in
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Table 4. 7 Regression data for time series model
Year

No Tillage/Total
Cropland

Fuel Price

Proportion
0. 1 54
0. 197
0. 1 3 1
0. 1 10
0. 105
0. 135
0. 163
0. 197
0.235
0.252
0.361
0.395
0.459
0.425
0.382
0.400
0.443
0.556
0.610

Dollars/gallon
1.15
1 . 19
1 . 19
0.9 1
0.94
1 .02
1 .09
1 .26
1 .2 1
1.16
1.18
1.18
1.16
1 .28
1 .25
1.1
1 . 15
1 .5 1
1 .48

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

GDPDF

Oct. 2001 =
100
63.55
65.80
67.76
69.23
7 1 .47
74.08
76.73
79.92
82.4 1
84.30
86.34
88.12
89.98
9 1 .66
93.35
94. 1 6
95 .89
98.08
100.00

Index of Chemical Price
1997 = 100
59.61
6 1 .02
6 1 .6 1
66.38
7 1 .48
75.78
77.28
80. 12
83.02
82.68
84.97
86.87
90.43
94.7 1
100.00
104.58
106. 18
1 10.22
1 15.76

Table 4.8 Definitions of variables-time series model

Variable
p

I

T
RFP
RCP

Definitions of variables-Adoption of no tillage
Description
Adoption proportion of no tillage
Time and 1983=1
Real fuel price and set deflator in 2001 equal to one
Real index of chemical price and set deflator in 200 1
equal to one
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Table 4.9 Parameter estimates for time series model
logit model of no tillage in Tennessee

Variable
Intercept
T ***
RFP ***
RCP * *
R-square=0.94
* is significant on 10% level
* * is significant on 5% level
••• is signific t on 1 % level

Parameter
estimate
-0.26
0.2
1.27
-0.045
F-Value
=83

Standard error
1.54
0.02
0.32
0.016

t value
-0.17
9.89
3.93
-2.84

Pr> !ti
0.86
<0.0001
0.001
0.012

Pr>F : <0.001

chemical prices reduces the adoption of no tillage production practices. The R 2 , equals
to 0.94 in the time series model, shows that the independent variables, time, fuel rice and
chemical price, explained 94 percent variation of dependent variable. Some of this
unexplained variation probably results from potential omitted variables such as policy
and herbicide-tolerant crops.
Results from Table 4.10 show that the diffusion rate (8P/ot) and the elasticities of
fuel and chemical prices on the adoption proportion are calculated by equations 3.15,
3.16, and 3.17, and results are presented in Table 4.10 with the results presented
graphically in Figures 4.1, 4.2 and 4.3.
The diffusion rate of no tillage increases when the adoption proportion is less than
half of the maximum adoption proportion, and it decreases when the proportion exceeds
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Table 4.10 Diffusion rate and Elasticity

1983
1984
1985
1986
1987
1988
1 989
1990
1 991
1992
1 993
1994
1 995
1996
1 997
1998
1 999
2000
2001

Elasticity estimate for
chemical Erice
-3.546
-3.325
-3.535
-3.814
-4.015
-3.966
-3.780
-3.61 3
-3.459
-3.298
-2.830
-2.682
-2.448
-2.676
-2.993
-3.004
-2.789
-2.256
-2.032

Elasticity estimate for
fuel Erice
1 .931
1 .830
1 .927
1 .476
1 .490
1 .492
1 .505
1 .604
1 .423
1 .306
1 . 109
1 .028
0.886
1 .021
1 .056
0.892
0.852
0.872
0.733

Diffusion rate{8Plot}
0.026
0.032
0.023
0.020
0.019
0.023
0.027
0.032
0.036
0.038
0.046
0.048
0.050
0.049
0.047
0.048
0.049
0.049
0.048
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half of the maximum adoption proportion 9 (Figures 4.1). The diffusion rate (8P/8t)
qualifies the nature increase rate of no tillage over time. For example, in 2001, the
estimated diffusion rate is 0.048, which means that the adoption proportion of no tillage
may increase 0.048 from 2001 to 2002 when other factors keep constant. Elasticity for
fuel price is decreasing when the adoption of no tillage is increasing, and after 1997, it is
inelastic (Figure 4.2). This means that when fuel price increases 1%, the adoption
proportion will increase by less than 1%. Compared with the fuel price elasticity, the
chemical price elasticity is larger in absolute value and has a negative sign. For example,
when chemical price increases by 1 %; the adoption proportion will decrease 3.5% in
1983 (Figure 4.2). Both elasticity estimates also suggest that external factor elasticities
decrease when the adoption proportion increases because potential adopters decrease 10 •
Using the price information for energy prices that occurred in 2003 and 2004, the
chemical price index for 2003 and 2004 (average for Jan through June), the published
GDP deflator for April 2003 and April 2004, and the estimated coefficients, the model
was used to project 2003 and 2004, years for which no tillage information were not
available when this study was conducted. Estimates from this model indicate that no
tillage production practices in Tennessee are projected to increase in the year 2003 to 71
percent and in 2004 to 76 percent in Tennessee.
9

In this logit model, the maximum value (K) for the adoption rate is 1 00%. Given equation 3. 1 0,
BP!ot = � 1 P (1-P). Set BP!at=R, R represents diffusion rate. Rewrite the equation 3 . 1 0, we have
R= � 1 P (1-P). Again, BR/BP= � 1 (1-2P). When P is less than 0.5, BRIBP>0, this means that when P
increases, the diffusion rate increases. When P is greater than 0.5, BRIBP<0. This means that when P
increases, the diffusion rate decreases. Thus, if P e [0,0. 5], diffusion rate increases when P increases. If
P E [0.5 , 1 ], diffusion rate decreases when P increases.
=
10 According to equation 3. 1 1 and 3.12, E RFP = � 2 RFP(l-P) and E
RCP � 3 RCP(l-P), When P
increases, both elasticities decrease.
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Chapter 5
Summary and Discussion
Summary
This study has two objectives - to explore the relationship between no tillage
practice and herbicide-tolerant cotton and to identify factors affecting the adoption of no
tillage production practices. A probability analysis was developed to compare the
relationships between the two agricultural technologies - no tillage and herbicide-tolerant
cotton, and a GWR model. A time series logit model was used to identify factors
impacting the adoption of no tillage production practices.
Probability analysis suggests that no tillage production practice encourages
farmers to adopt herbicide tolerant crops and that herbicide-tolerant crops facilitate no
tillage production practice. From the probability analysis, it would appear that herbicide
tolerant crops should be considered when evaluating factors that impact the adoption of
no tillage pro·duction practices. However, available secondary source data on this
technology is limited.
Results from the time series logit model show that elasticity of fuel price and
chemical price is decreasing as the adoption proportion increases. This occurs because
the pool of potential adopters decreases over time.
The results from a traditional global regression indicated average farm size,
average rainfall, the farm population, and temperature in January have positive impacts
on the adoption of no tillage while the percentage of highly erodible land has a negative
impact. However, there is also a great deal of spatial variation in the adoption proportion
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of no tillage production practices which is not explained by the global regression
framework. By using GWR, some information hidden in the global model were
uncovered. For example, rainfall has a positive impact on adoption of no tillage in East
Tennessee but not in Middle and West Tennessee, and on the other hand, the impact of
rainfall on adoption is relatively more important than farmer population and percentage
of HEL in East Tennessee, while the impact of the proportion ofHEL is one of the more
important factors in mid and west Tennessee versus rainfall. The results also give us
more understanding of geographical impacts on the adoption of no tillage.

Discussion and limitations
In general, the probability analysis explores the relationship between adoption of
herbicide-tolerant crop practice and adoption of no tillage. Farmers who have already
adopted no tillage have a higher possibility to adopt herbicide-tolerant crops, and farmers
who have already adopted herbicide-tolerant crop practices have higher probabilities to
adopt no tillage practice. The results suggest that no tillage production practices
encourage farmers to adopt herbicide-tolerant crops, and these same crops facilitate no
tillage production practices.
In examining data from the Conservation Technology Information Center, no
tillage adoption acreage over all crops throughout the United States increased by 12
million acres from 1995 to 2000 after herbicide-tolerant seed was introduced. However,
in the five-year time period, prior to the introduction of herbicide-tolerant crops, from
1990 to 1995, no tillage adoption acreage increased by 24 million acres, largely, as a
result of conservation policy. These data lead one to question the impact that the
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introduction of herbicide-tolerant seed has had on the adoption of no tillage production
practices.
Through time series analysis, we not only find that time and fuel price have
positive impacts on the adoption of no tillage production practices and chemical price
has a negative impact as expected, but we also find that the diffusion rate (8P/8t), which
represents the internal factor effect will be decreasing after the adoption proportion
exceeds half of maximum adoption level, and elasticties of external factors, such fuel
price and chemical price, will decrease as the adoption proportion increases.
Furthermore, after the introduction of herbicide-tolerant seed, diffusion of no tillage did
not increase at a faster rate. This might be because the diffusion rate decrease after the
adoption proportion exceeds half of maximum and internal factor may carry more
weight in diffusion of no tillage.
It would have been desirable to examine the impacts of two additional variables,
conservation policy and HT crop, in evaluating the important factors connected to the
adoption of no tillage production practices. These two variables would allow for the
impact conservation compliance rules for farmers farming highly erodible land on the
adoption of no tillage. The impact the introduction of herbicide tolerant crops might
have had during the 1995 through 2002 time period. In 1991, Farmers had to establish
farm plans if they have HEL. These plans limited production practices including crops
that could be planted, rotations that could be implemented, and tillage practices that
could be employed. Since no secondary information exists on the amount of land that
Tennessee farmers elected to change tillage practices on relative to the other possible
changes, this could not be included in the time series logit model nor the GWR model.
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Data were also not available for herbicide tolerant crops. In 1995, Soybean Roundup
Ready seed was introduced. In 1998, Cotton Roundup Ready seed was introduced.
However, a time series on acres planted in these two crops for the state of Tennessee
was not available.
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APPENDIX A: Figures used in the Analysis
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Average farm size in Tennessee counties
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Figure A.1 Average farm size in Tennessee counties
Source: 1 997 Agricultural Census (NASS, 1 999).
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Rainfall in Tennessee counties
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Figure A.2 Rainfall in Tennessee counties
Source: Tennessee Department of Economic and Community Development
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Proportion of HEL in Tennessee counties
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Figure A.3 Proportion of HEL in Tennessee counties
Source: Conservation Technology Information Center and Crop Residue
Management Survey, 1 998.
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Farm populations in Tennessee counties
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Figure A.4 Farm populations in Tennessee counties
Source: 1 997 Agricultural Census (NASS, 1 999) and Conservation Technology Information
Center
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January temperature in Tennessee counties
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Figure A.5 January temperature in Tennessee counties
Source: Area Resource File
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T-value of farm size
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Figure A.6 T-values of farm size
Note: Parameter estimate is based on 1 0% significant level when T-value > 1 .67
Parameter estimate is based on 5% significant level when T-value >2.00
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Figure A.7 T-values of rainfall

Note: Parameter estimate is based on 10% significant level when T-value >1.67
Parameter estimate is based on 5% significant level when T-value >2.00
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T-value of HEL
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Figure A.8 T-values of HEL

Note: Parameter estimate is based on 10% significant level when T-value <-1.67
Parameter estimate is based on 5% significant level when T-value <-2.00
Parameter estimate is based on 1% significant level when T-value <-2.66

78

+
N

T-value of farm populations
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Figure A.9 T-values of farm populations

Note: Parameter estimate is based on 10% significant level when T-value >1.67
Parameter estimate is based on 5% significant level when T-value >2.00
Parameter estimate is based on 1% significant level when T-value >2.66
Parameter estimate is based on 0.1% significant level when T-value >3.46
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Figure A.10 T-values of January temperature
Note: Parameter estimate is based on 1 0% significant level when T-value > 1 .67
Parameter estimate is based on 5% significant level when T-value >2.00
Parameter estimate is based on 1 % significant level when T-value >2.66
Parameter estimate is based on 0. 1 % significant level when T-value >3 .46
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Figure A.1 1 Estimated adoption proportion using spatial logistic model
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Figure A.12 Differences between estimated and actual adoption proportion
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